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ABSTRACT
Some effects of larval spirometrid tapeworms in their vertebrate 
hosts were studied. These effects were produced by infections of 
plerocercoids and/or injections of whole plerocercoid homogenates.
The tapeworms used were Spi rometra mansonoides and S^. mansoni.
Weight gain associated with living plerocercoids was evident in 
mice and lizards. Infected frogs showed no weight gain advantage over 
controls.
Frog tadpoles infected with plerocercoids did not go through 
metamorphosis as rapidly as uninfected controls.
Mice, fish and lizards injected with whole plerocercoid homo­
genate held slight weight gain advantages over controls.
Weight gains were not due to an increase in stored lipid but 
apparently to accelerated lean growth.
Whole plerocercoid homogenate injected intradermally over pigeon 
crop illicited an increase in thickness of the mucosal epithelium.
tI
INTRODUCTION
In 1882 Manson recovered several larval worms from adipose tissue 
around the kidney of a human subject during a post mortem examination 
in Amoy, South China. These worms were sent to Cobbold, who described 
them in 1883 as a new species, L i gula manson?.
It was later shown (Faust, a_i_., 1929) that these larvae were 
plerocercoids, or spargana, an intermediate larval form of cestodes 
belonging to the Order pseudophyl1idea. The members of this order are 
characterized generally by a scolex with two (rarely one) shallow 
sucking grooves or bothria, eggs shed from a uterine pore, genital 
pores mid-ventral, vitelline glands throughout the proglottids encir­
cling the other reproductive organs and a majority of the proglottids 
in similar stages of development, in the pseudophyl1 ids two inter­
mediate hosts are necessary; the first is a crustacean, and the second 
is a vertebrate.
The first larval stage in all eucestodes is an oncosphere which is 
a mass of cells provided with a pair of flame cells and three pairs of 
hooks. However, the oncosphere of pseudophyl1ideans is enclosed in a 
membrane, the embryophore, which may or may not be ciliated and hence 
is called a coracidium. The oncosphere of pseudophyl1 ids escapes from 
its embryophore only after being ingested by the first intermediate 
host, which is a copepod. Once in the gut, the oncosphere penetrates 
the intestinal wall and moves into the body spaces where the second
larval stage, the procercoid, develops. As the procercoid develops,
ii
the body elongates, the anterior end begins to invaginate and
1
2histolytic glands appear to open Into this region. At the same time, 
the posterior end with its three pairs of hooks is separated from the 
main body of the procercoid by a constriction to form the cercomer. 
Refractive bodies appear toward the posterior end of the larva and 
eventually these corpuscles are scattered throughout the larva. These 
structures, the calcareous corpuscles, vary in size from less than a 
micron to 13 microns or more in diameter. The exact function of these 
corpuscles is not known, but von Brand (1966) postulated that they 
protect the procercoid as it passes through the stomach of the next
host by neutralization of acid gastric juice.
Mature procercoids vary in size from 0.1 millimeters to 0.2 
millimeters long, have numerous calcareous bodies, an invaginated 
anterior end and a cercomer at the posterior end.
The procercoid develops no further until it is eaten by a second
intermediate host, a vertebrate. Once in the intestine of the appro­
priate host and freed from the first intermediate host, the procercoid 
penetrates the intestinal wall of the vertebrate and migrates actively 
to almost any tissue in the body. The larva is then called a plero­
cercoid. Originally these larvae were thought to be adult worms and
were placed in the genus Spargana; therefore plerocercoids are often 
referred to as spargana. Men or other vertebrates infected with these 
larval forms are said to have the disease Sparganosis. Spargana are 
the type worms found by Manson in 1882 and subsequently identified and
described by Cobbold in 1883. The plerocercoid grows and elongates,
an adulllike scolex develops but strobi1ization does not occur. 
Plerocercoids may reach considerable length (300 millimeters or more) 
but develop no further until the second intermediate host is eaten by
the definitive host, a carnivore. Once the plerocercoid is in the 
intestine of the final host, generally a feline, it attaches to the 
wall and develops into a mature tapeworm. If, however, the plerocer­
coid is not ingested by an appropriate definitive host but by another 
carnivorous vertebrate, the plerocercoid penetrates the gut and 
migrates through the body as described above.
Those plerocercoids infecting man and causing human sparganosis 
are possibly of several species of pseudophyl1idean tapeworms. Besides 
infecting man, plerocercoids have been found in fish, frogs, snakes, 
monkeys, raccoons, opossums, hedgehogs, swine and other vertebrates. 
While plerocercoids cannot be separated taxonomically on a morpholog­
ical basis, they may be differentiated to some degree on the basis of 
differences in their second intermediate hosts.
Faust <2t a_K (1929) proposed a division of the genus Diphy 1 - 
lobothr ium into two subgenera, Diphy11obothr iurn and Spirometra. This 
division was based on the appearance of the coils of the uterus and 
shape of the eggs, as well as differences in the life cycle.
Mueller (1937) pointed out that the genus Piphy1lobothrium 
consisted of at least three structurally different types, two of which 
had distinctly different life-cycle requirements. He therefore pro­
posed the establishment of three genera. The first was to include 
J). 1atum and its relatives which have their outer uterine coils in the 
shape of a rosette, with cirrus and vagina opening into a common sinus 
and the eggs with rounded ends. Members of this genus utilize, as 
first intermediate host, some species of Diaptomus and a fish as the 
second intermediate host. For the second genus, Mueller raised the 
subgenus Sp? rometra to full generic rank. Species in this genus have
kthe uterus in the form of a spiral of only a few closely packed coils. 
The cirrus opens separate from and just anterior to the vagina. The 
uterine pore is also separate and posterior to the genital pores. The 
eggs have pointed ends. Species of the copepod genus, Cyclops, are the 
first intermediate hosts, and the second intermediate host is a snake, 
frog or occasionally a mammal. The third genus, the name of which was 
uncertain to Mueller, included worms taken from seals and differed from 
the above two by having a common opening for cirrus, vagina and uterus,
Spirometra mansonoides is the species found in Louisiana and is 
rather selective in its choice of first intermediate host, using 
Cyclops vernal is. The procercoids of all spirometrids do not utilize 
£• vernalis. Spirometra ranarum, an oriental form, cannot be cultured 
well using £. verna1 is.
Species diagnosis among the spirometrid tapeworms is rather diffi- 
cult. Wardle and McLeod (1952) divided the genus into 16 species, 
based primarily on morphological and geographical differences. How­
ever, as more information is gathered concerning the biology of these 
species, many should probably be considered synonymous.
Adult spirometrids occur in wild and domestic cats and occasion­
ally in dogs and raccoons. The eggs are shed through a ventral uterine 
pore and, if they are deposited in fresh water, development begins.
Full development of the coracidium usually requires at least 10 days 
but may take considerably longer. Upon hatching, the operculum of the 
egg is forced off and the coracidium emerges, it swims by using its 
cilia and is oriented with its hooks directed posteriorly. If the 
coracidium collides with a cyclopoid copepod, it is quickly ingested. 
Once in the gut, the ciliated embryophore is shed and the posterior
hooks open the gut wall, enabling the hexacanth to push out of the gut 
into the haemocoel of the copepod. Once inside the body cavity, the 
larval worm begins to grow and, after approximately eight to fourteen 
days, an infective procercoid is present. If this copepod is ingested 
by a tadpole, frog or water snake, the procercoid moves out of the 
intestine of the new host into the body cavity where the larva becomes 
a plerocercoid. Plerocercoids migrate extensively through the tissues 
of the second intermediate host and may be found in any location in the 
body but are most often in subcutaneous connective tissue. While 
plerocercoids grow to considerable size (30 centimeters or more), they 
become infective to the definitive host in a short time. Mueller 
(1959) was able to obtain adult worms by feeding plerocercoids only a 
millimeter in length and still buried in the intestinal wall of a mouse 
which had been fed infected copepods four and a half days before. In 
mouse tissues, plerocercoids grow at a rapid pace, often reaching a 
length of three centimeters or more in four weeks after being injected 
subcutaneously or fed to the mouse. As plerocercoids grow and migrate 
in tissues, they often fragment, leaving portions of larval body behind 
which may become encapsulated by the host tissue. Regardless of the 
length attained by plerocercoids, only the scolex will infect another 
susceptible intermediate host or the definitive host. Eggs begin to 
appear in the stool of cats about two weeks after the plerocercoids are 
ingested.
The biology of spirometrid plerocercoids is unique. This larval 
stage exhibits little host specificity and has been found naturally in 
a wide variety of hosts. in fact, they will grow in both homeo- and 
poikilo-thermic vertebrates with the exception of fish. Plerocercoids
6are highly paratenic. If eaten by an animal other than the definitive 
host they penetrate the intestine and re-establish themselves in the 
tissues of the new intermediate host. In addition to natural infec­
tions, many laboratory animals are susceptible to infections. Mice, 
rats, hamsters, pigs (Corkum, 1966), red efts and green anoles easily 
support spargana or plerocercoid infections.
Little is known concerning the survival of the plerocercoid in 
nature; however, in this study, they were recovered from water snakes 
at all times of the year and probably survive as long as the host 
lives or until it is eaten by a wild or domestic cat where it can 
develop into an adult. In laboratory mice, the plerocercoids survive 
as long as the host. Mueller (1965a) transferred plerocercoids from 
infected to uninfected mice over a period of nine years and found they 
would still develop into adults when fed to cats. in the present study, 
plerocercoids were transferred through several hosts, including 
tadpoles, frogs, mice and lizards, without any apparent loss in viabil­
ity. Living plerocercoids were removed from a raccoon (Procyon lotor) 
which had been experimentally infected four and one half years.
Perhaps the most enigmatic aspect of the biology of these larval 
tapeworms is the effect they have upon the metabolism of their hosts. 
Mueller (I9&3a, 1963b, 1965a) noted that mice, rats and hamsters 
infected with spargana of Spi rometra sp. gained weight to a degree 
which could not be attributed to the weight of the parasites or to any 
pathogenic tissue response to the presence of the parasites. However, 
if one follows chronologically the investigations of Mueller into host 
responses of Sp ? rometra sp., there are several inconsistencies. In 
1937 he reported that infected laboratory mice appear sick after about
10 days. This condition persisted for about six weeks. During this 
period, some of the mice became emaciated and died. Mueller stated 
that, after this so-called acute stage, the infection became chronic 
and infected mice could not be distinguished from uninfected ones. In 
developing techniques by which Spi rometra sp. could be reared through 
their life cycle, Mueller (1958, 1961) noticed that some infected mice, 
contrary to his original observations, were not affected adversely; in 
fact, they appeared to gain weight. In 1963a, he reported that 
infected mice showed a gain over uninfected controls varying from five 
to thirty percent. Later, Mueller (1965b) studied this phenomenon in 
greater detail and found that not only did young infected mice of both 
sexes grow at a faster rate than controls, but increased weight was 
noted in older mice {^0 grams) as well. He also found that deer mice 
(Peromyscus sp.) responded in the same manner'and hamsters (Mesocricetus 
auratus) showed an even greater effect. In this same work he found 
that the oriental form (Spirometra ranarum) had a greater stimulating 
effect than did S^. mansonoides on mice and hamsters. Later, Mueller 
(1968) stated that the North American form was the only one to produce 
any sizable weight gain in intact laboratory rats in comparison with 
plerocercoids from Malaysia, Australia and Taiwan.
Sadun £t aj_. (1965) confirmed Mueller's obse rva t i ons that _S. 
mansonoides plerocercoids cause a weight gain in young mice and con­
ducted investigations concerned with biochemical changes that might be 
associated with this enhanced growth. These workers found that 
infected mice had elevated fasting glucose levels, lowered levels of 
serum alkaline phosphatase and total protein but proposed no 
mechanism by which these larvae might produce changes.
8Harlow jet a K  (1967) described an in vitro "insulin-like" activity 
of an extract prepared from homogenizing frozen plerocercoids in cold 
acetone. They found this extract stimulated glucose utilization of 
isolated rat epididymal adipose tissue as well as lipogenesis and entry 
rates of D-galactose. While some of the observed effects of this 
extract were similar to those produced by insulin, the factor from the 
plerocercoids differed somewhat in action and chemical properties. The 
dose response curve to this extract was considerably different from 
that of the hormone, and the fact that the extract retained its power 
after treatment with hot alkali indicated that it was not a protein.
While reports of a stimulating effect upon the host due to para­
sitism are not common, there have been some observations of this type, 
in both vertebrates and invertebrates, recorded in the literature. 
Lincicome et aj_. (I960) found that rats infected with Trypanosoma 
1ew i s i had a faster rate of body weight gain than non-inocu1ated 
animals. In 1963 Lincicome and Shepperson found that infected rats 
grew at an appreciably greater rate than controls in three separate 
protocols. They found no significant correlation among inoculum size, 
parasitemia heights and growth stimulation.
Etges (1961) found that the snail Helisoma anceps infected with 
Cercaria reynoldsi had a much thicker shell than uninfected specimens, 
and he stated that this trematode infection allows increased 
calcification to take place.
Pan (1962) demonstrated that laboratory-reared snails 
(Austra1 orb i s glabratus) infected with Sch is tosoma manson i grew 
faster than uninfected controls during the ^-5 week post-infection 
per i cd.
In contrast to the above, Moose (19&3) found that young female 
snails (Oncomelania nosophora) exposed to cercaria of Schistosoma 
japonicum exhibited inhibition of growth when compared to uninfected 
controls, but males of this same species showed no significant 
difference between infected and non-infected.
There are no reports of any other cestode, larval or adult form, 
that has the effect on its host that Spirometra does.
There seems to be little doubt that plerocercoids of several 
species of Spirometra do somehow influence the metabolism of laboratory 
mice, rats and hamsters. It follows that if the metabolism of an 
unnatural host such as these rodents is affected, the metabolic activ­
ities of vertebrates lower on the phylogenetic tree, and perhaps more 
closely related to the natural hosts, might also be influenced.
Mueller has investigated the growth-stimulating effect of several 
species of spirometrid plerocercoids, but his results are often contra­
dictory. In addition, the growth-stimulating effect of neither the 
Louisiana form (S. mansonoides) nor the South American form (S. 
mansoni) has been studied.
For these reasons the first investigations undertaken in the 
present study were concerned with the metabolic response, expressed by 
weight gain, of laboratory mice to either infections of plerocercoids 
or injections with whole worm extract prepared by homogenization of 
dead plerocercoids.
In addition to mice, several lower vertebrates were employed to 
determine whether infection and/or injections had any effect on the 
metabolism of animals more closely related to the natural host (Natrix
10
spp.). Weight gain was the most common assay used, but other metabolic 
parameters were also investigated.
Although fish have not been shown to be naturally involved in the 
life cycle of Sp i rometra sp., they do serve as hosts for other pseudo­
phyl lidean plerocercoids and were thus employed here. Fattening as 
well as total weight gain in fish was investigated. If the presence of 
these parasites could stimulate a fattening or growth response in the 
host, both parasite and host might have a better chance of survival.
Mueller (1965a) showed that frog and toad tadpoles became infected 
when allowed to feed on procercoid-infected copepods, but states that 
when plerocercoids are Injected into the body cavity of leopard frogs 
(Rana pipiens), they are shortly killed. He speculated that if tad­
poles do become infected in nature, they must lose the worms at meta­
morphosis. However, Corkum (1366) found naturally infected frogs (Rana 
clami tans and FU catesb iana) in Louisiana. Corkum (unpublished) 
noticed infected tadpoles grow and metamorphose, but they seem to do so 
at a rate which is considerably slower than that exhibited by unin­
fected ones. Experiments were conducted with tadpoles to determine if 
there was any alteration of metabolism of tadpoles due to the presence 
of plerocercoids which might be expressed by inhibition of metamorpho­
sis. If the presence of plerocercoids does retard development in tad­
poles, this would seem to be of considerable selective advantage to the 
worm, as water snakes should find tadpoles easier to catch than frogs.
Frogs are known to support natural infections of spirometrtd 
plerocercoids, especially in Far Eastern species. They were used In 
these investigations to determine if any metabolic alteration occurs 
in a natural host. The influence that plerocercoids had-on weight gain
11
was used as an indication of effect. If such an infection could 
produce a larger, fatter frog, it could be of selective advantage to 
both frog and worm.
In Louisiana, water snakes (Natrtx spp.) are the most common ver­
tebrate infected with Spi rometra sp. plerocercoids, but snakes are not 
suited for laboratory studies such as these. Lizards are available and 
lend themselves well to such investigations and were thus used as the 
reptilian representative.
Spirometrid plerocercoids have been (Mueller, 1965a) introduced 
surgically into pigeons with some birds supporting the worms while 
others seem to be resistant. In the same work, plerocercoids were 
introduced into the chorioallantoic space of a 12-day chicken egg, and 
recovered from the chick after hatching. However, birds are apparently 
poor hosts for spirometrid plerocercoids. In nature many birds are 
involved in the life cycle of other genera of pseudophyl1ideans. Birds 
were included to determine if spirometrid plerocercoids or injected 
extract prepared from dead spargana have any metabolism-altering effect 
in this class of vertebrates.
In summary, the purpose of this study was to determine if there 
were metabolic responses to plerocercoid infections and/or injections 
of dead-worm extract in representatives of all vertebrate classes.
Both unnatural hosts and animals one might expect to be more closely 
allied to the host-parasite relationship found in nature were used. 
Experimental animals and assay techniques which should lend themselves 
to such investigations were employed.
I
I
MATERIALS AND METHODS
Plerocercoids
Mueller (1965a, 1968) has shown differences in the growth response 
of mice to different species of Spirometra. In the present study, 
three different forms were utilized to determine what effect plerocer­
coid infections or injections prepared from dead plerocercoids had on 
mice and lower vertebrates.
Because the taxonomy of Spi rometra is difficult and confused, the 
following forms are assigned names for convenience: S^ mansonoides “A"
from Louisiana, S^ . mansonoides "B" from New York and mansoni from 
Columbia, South America.
Plerocercoids recovered from local water snakes (Matrix spp.) and 
fed to cats maintained in our laboratory were the original source of 
mansonoides "A." Spirometrid eggs obtained from a source in New 
York State and reared in the manner described below were the source of
ji. mansonoides "B." The third form employed in these studies was the
tropical species S_. manson i . Eggs from Columbia, South America, were 
the source of this third form. For the sake of simplicity, the strains 
of plerocercoids were designated by the number assigned to the cats 
harboring the adult spirometrids. Therefore C-50 refers to plerocer­
coids cultured from eggs collected from cat number 50 which was 
infected with S_. mansonoides "A"; C-51, from a cat infected with the 
New York form; and C-Vt, the South American strain.
The adults of these and other species of Spi rometra were main­
tained in laboratory cats (Felis domesticus), The eggs were washed
12
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clean from feces and cultured on paper strips continuously moistened 
with de-ionized water until infective coracidia developed. Coracidia 
were considered to be mature when ciliary activity and contractions of 
the organisms within the egg shell were seen. At this time the cora­
cidium is found in the posterior three quarters of the egg capsule with 
an area of fluid material between the organism and the operculum. If 
slight pressure is applied to these eggs by pressing on the coverslip, 
the operculum pops off; the coracidium squeezes out and swims away.
Clones of the first intermediate host, Cyclops vernal Is, were 
maintained in the laboratory in eleven-gallon plastic barrels. Nutri­
tion for the copepods was derived from the bacteria and mold which grew 
on rice grains which were added periodically to the barrels.
To infect copepods, the paper strips with eggs containing fully 
developed coricidia were placed in gallon jars with the copepods. 
Procercoids, in the haemocoel of copepods, were considered infective 
when a cercomer and calcareous corpuscles could be seen. The 
procercoid-infected copepods were injected subcutaneous 1y into white 
laboratory mice (Mus musculus albinus) in aliquots of 10-20 copepods.
At the end of one month, the mice were killed and the plerocercoids 
removed.
Living plerocercoids which were to be used in the infection of 
susceptible experimental animals were removed from mice, the scoleces 
clipped away from the rest of the larval body and either given per os 
or injected subcutaneousty.
Harlow ej: a_[. {1967) prepared a plerocercoid extract by aklaline 
digestion and solvent extraction which, when added to isolated rat epi- 
didymal adipose tissue in vitro, stimulated glucose oxidation, glucose 
utilization for lipogenesis and passage into cells of D-galactose.
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Sadun ejt aj_. (1965) found scolexless plerocercoids injected under 
the skin of mice produced weight gains similar to the metabolic 
response produced by intact worms.
However, there are no reports of any work being done using homo­
genates prepared by grinding whole dead plerocercoids. In addition, 
fish and birds are unable to support spirometrid infections. Conse­
quently, a homogenate prepared from plerocercoids killed by quick 
freezing was employed in the form of hypodermic injections in several 
exper iments.
To prepare the whole worm (plerocercoid) homogenate, the plero­
cercoids were placed in vials and quickly frozen in a dry ice-acetone 
solution. The vials were then capped and placed in the freezer for 
later use. The whole worm homogenates were prepared by placing the 
spargana in a manually operated tissue homcgenizer. Approximately one 
gram of frozen spargana was homogenized in 200 milliliters of saline 
(0.65% for the fish, tadpoles, frogs and lizards and 0.85% for the 
birds and mammals), yielding a suspension.
All animals in the following experiments were allowed to feed ad 
1ib, with the exception of the adult frogs (Rana pipiens) , which were 
force-fed three times each week.
Controls were used for each experiment.
Statistical analysis was made through the facility of the 
Louisiana State University Department of Experimental Statistics.
15
Experimental protocol
Experiment 1
Mice - Growth Response 
Although there has been a report (McIntosh, 1937) of a plerocer­
coid from a deer mouse, Perotnyscus qossypinus qossypinus, rodents have 
not been found to be natural reservoirs of spirometrid plerocercoids 
(Corkum, 1966). However, under experimental conditions, there is little 
doubt that infections with these larvae do produce some alteration in 
the mouse's normal physiology which is expressed as a weight gain 
advantage over non-infected mice.
Mueller has done extensive work on the weight gain response in 
mice infected with plerocercoids, but has not reported any findings 
using the South American form (S_, manson?) or the Louisiana form (S. 
mansonoides). In addition, there are no reports of the effect of 
injections of plerocercoid homogenates on weight gain in mice. Also, 
much of the literature concerning the weight gain response is quite 
inconsistent. For the above reasons, experiments using laboratory 
mice (Mus muscu1 us alb inus) were undertaken.
In the first experiment (A), 40 young mice, 20 males and 20 
females, ranging in weight from 16-21 grams and averaging 18,41 grams, 
were selected and sexually segregated'--i nto groups of five per cage.
The animals were divided into four groups: Group A, consisting of five
males and five females, received no plerocercoids and thus served as 
controls; Group B mice received 10 C-50 plerocercoids injected sub­
cutaneous ly in 0.85% saline using a thirteen-gauge needle and a five 
cubic centimeter syringe; Group C mice received 10 C-51 plerocercoids 
in the same manner; and Group D mice, 10 0-44 plerocercoids.
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These mice were maintained on a day which consisted of 16 hours of 
light and eight hours of dark at a constant temperature of 30°C.
Purina mouse pellets and water were available at all times.
Each group of five mice was weighed on the same day at approxi­
mately the same time each week for the period of the experiment, which 
was 10 weeks. At the end of the 10-week period, each group of five was 
killed by etherization and each mouse weighed. In the case of the 
infected mice, an examination was made and the plerocercoids were 
recovered, blotted dry and weighed to determine if weight gain might be 
due to the weight of the plerocercoids.
In addition to the above work on weight gain by infected mice, two 
experiments were conducted to determine if whole body homogenates of 
plerocercoids injected subcutaneously into young mice and fully mature 
mice had any effect on the growth of these mice.
In Experiment IB, *fQ young mice (20 males and 20 females), ranging 
in weight from 16-26 grams and averaging 21.21 grams, were selected, 
sexually segregated and placed in cages in groups of five. Each mouse 
was weighed individually and ear-marked for later identification.
Again, as above, there were four groups: Group A received 0.1 milli­
liter 0.85% saline injected subcutaneously in the region of the hind 
legs Monday, Wednesday and Friday at the midpoint of the 16-hour photo­
period; Group B, 0.1 milliliter C-50 plerocercoid homogenate in the 
same manner; Group C, C-51; and Group D, 0-44 in a like manner. Each 
group of five mice was weighed after the Wednesday injections. At the 
end of the experimental period of three weeks, the mice were killed by 
etherization. At this time the mice were weighed individually. In 
the case of the mice receiving injections of plerocercoid homogenates,
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a post-mortem examination was employed to determine if any inflammatory 
response had occurred due .to the injections.
In Experiment 1C, *+0 (20 males and 20 females) fully mature mice 
weighing 30-5^ grams and averaging 39-73 grams, were selected, weighed 
individually, separated into groups as in IB and received injections 
according to the procedure described above.
Experiment 2
Fish - Growth and Fattening Response
As stated above, fish have not been shown to support spirometrid 
infections but were included as an experimental animal because certain 
species are naturally infected with other pseudophyl1ideans.
The fresh-water killifish (Fundulus chrysotus) has been shown 
(Meier et ;aK, 1966, Lee and Meier, 1967 and Meier, 1969) to be a 
useful laboratory animal in the assay of growth and fattening responses. 
The killifish is ideally suited to such investigations for several 
reasons: availabi1ity, small size, hardiness and a rapid adaptation to
laboratory conditions.
In this experiment, adults of both sexes of _F. chrysotus collected 
near Baton Rouge, Louisiana, were used. The fish were maintained in 
the laboratory for one month to allow them to become acclimated to 
laboratory conditions. The photoperiod, controlled automatically, 
consisted of 16 hours of light followed by eight hours of darkness.
Fish of 1-3 grams were separated into four groups of 10 fish per 
group. The fish were maintained in aged tap water to which a small 
amount of sea salt was added and fed commercially prepared fish food in 
overabundance, and the culture changed every *+8 .hours. The temperature
* * » i
was maintained at 22°C.
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The fish were fin-clipped for identification and weighed 
individually.
Because £. chrysotus will not support infections of spirometrid 
plerocercoids, daily injections of plerocercoid homogenate were used. 
All injections were made at the midpoint of the photoperiod over a 
■period of seven days. This injection time was selected because Lee and 
Meier (1967) found that fish responded maximally to injections of 
certain hormones made at this point in the photoperiod.
Fish of Group A (control) received 0.01 milliliter per gram of 
body weight of 0.65% saline at each injection time. Fish of Group B 
received 0.01 milliliter per gram of body weight of a 0.5% solution of 
whole worm extract made by homogenization of 1 gram of frozen plero­
cercoids of mansonoides “A" in 200 milliliters of 0.65% saline.
Group C received 0.01 milliliter per gram of body weight of extract 
from £. mansonoides "B" and Group D fish were injected with 0.01 
milliliter per gram of body weight of extract from £. mansoni.
The fish were killed on the eighth day, 2h hours after the final 
injection. A fresh weight was taken to determine if weight had been 
gained. They were then placed in individually marked shell vials and 
dried in a vacuum oven. Body fat was extracted in petroleum ether 
using a Soxhlet apparatus. Total b o d y  fat (dry lipid index, or DLI) is 
expressed as a percentage of the dry body weight.
Experiment 3
Amphibia - Inhibition of Tadpole Metamorphosis
Mueller (1965a) stated that frog tadpoles readily become infected 
with plerocercoids, but heavy infections kill the tadpoles. He found
no plerocercoids in adult frogs and felt they must lose the infection 
at metamorphosis. To better understand the relationship between tad­
poles, a natural second intermediate host, and Spi rometra sp., the 
following experiment was conducted. As evidence of metabolic-a1 tering 
effect, the time required for metamorphosis in plerocercoid-infected 
versus non-infected tadpoles was studied. Tadpoles lose weight when 
metamorphosing and weight gain or fattening was not studied.
In this experiment, eggs of Rana pipiens were obtained from a 
commercial supplier.
That tadpoles from the same egg mass exhibit a considerable 
difference in growth rate has been noticed by many workers. West 
(I960) found that crowded tadpoles are definitely inhibited in their 
rate of growth. Due to these facts, the tadpoles were maintained in 
l6-ounce paper containers with one tadpole per container to obtain as 
uniform a growth pattern as possible.
The tadpoles were maintained on a photoperiod of 16 hours of light 
followed by eight hours of darkness with a temperature of 28°C. They 
were fed an overabundance of chopped spinach. They were transferred to 
fresh aged tap water every third day.
They were divided into four groups; Group A consisted of 10 
uninfected controls; Group 8 animals were placed in a small finger 
bowl containing approximately 10 copepods infected with procercoids of 
S.* mansonoides "A" and then removed after two days, or after consuming 
all copepods; Group C was exposed to infection by S^. mansonoides "B" in 
the same manner as Group B; and Group D was exposed to infection by 
mansoni in the same manner.
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Taylor and Kollros (19^6) pointed out that individual amphibians 
in general vary widely in size although they may be at the same level 
of development. In addition, significant morphological changes often 
occur with only slight change in absolute or relative measurements. 
Therefore, the following method of designating developmental stages was 
used. After a number of animals in Group A (control) had undergone 
metamorphosis, approximately 100 days after the beginning of the 
experiment, all animals in the infected groups were analyzed as to the 
attained developmental stages: Stage 1 consisted of those tadpoles
with no visible hind legs; Stage 2, of those with hind-leg buds; Stage 
3, hind legs well developed; Stage h, hind legs and foreleg buds well 
developed but not external; Stage 5 consisted of those with external 
forelegs; and Stage 6, fully metamorphosed frogs.
The incidence and magnitude of infection is not easily controlled 
because the number of infective plerocercoids in each copepod was not 
easily determined and the tadpoles may not have ingested all the 
infected copepods during the exposure time. Therefore, the infected 
groups were sacrificed and examined for plerocercoids.
Experiment k
Amphibia - Growth Response in Adult Frogs
Corkum (1966) found several species of frogs in Louisiana natu­
rally infected with spirometrid plerocercoids and, in the Orient, frogs 
serve as the most important second intermediate host of S_. ranarum.
This experiment was undertaken to determine if there was any growth- 
stimulating effect produced in adult frogs by infections with 
plerocercoids.
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Adult Rana pipiens were obtained from a commercial supplier. They 
were maintained in the incubator at 22°C in large fish bowls with 10 
animals per bowl. They were force-fed approximately A grams of beef 
liver three times per week.
In this experiment there were four groups of 10 animals each.
Group A consisted of 10 uninfected controls. Group B was infected by 
subcutaneous injection of 10 plerocercoids of S . mansonoides "A"; Group 
C, plerocercoids of _S. mansonoides UB"; and Group D, S^. mansoni . Ail 
animals were weighed at the onset of the experimental period and toe- 
clipped for later identification. Several initial controls were sacri­
ficed and the weight of abdominal fat bodies was taken to estimate 
lipid content. At the end of one month, each of the infected animals 
was examined for plerocercoids and weight gain was calculated.
Experiment 5
Reptiles - Growth and Fattening Response 
in Adult Male Lizards
For most species of Sp i rometra in the United States, water snakes 
are the most important second intermediate hosts. Small, uninfected 
water snakes in quantities large enough for the following experiments 
would be difficult to obtain. Consequently, another reptile, which is 
small, available and well-suited for experiments involving weight gain 
and fattening was used.
Adult male anoles (Anolis carolinensis) were purchased from a 
commercial dealer or caught by hand on the campus of Louisiana State 
Un i vers i ty.
The anoles were kept in an incubator at 30°C for two weeks prior 
to experimentation to allow them to acclimate to laboratory
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conditions. The photoperiod consisted of 16 hours followed by eight 
hours of darkness.
The work with anoles consisted of two parts: part A involved
infected lizards. Part B was concerned with injecting lizards with 
homogenate prepared from dead whole plerocercoids.
At the beginning of the experimental period, several healthy 
adults were sacrificed and the weights of the abdominal fat bodies and 
gonads taken to estimate the lipid content of freshly collected 
animals.
The protocol for the work with Anolis in Part A was the same as 
employed for R, pipiens in Experiment 3.
In the second part of this experiment, the groups were maintained 
in the same manner as described above, but here the groups received 
seven daily injections of 0.01 milliliter per gram of body weight of 
saline or homogenate at the midpoint of the photoperiod as described 
for F. chrysotus in Experiment 2 and sacrificed 2h hours after the 
final injection.
Experiment 6
Birds - Pigeon Crop Sac Response
Information concerning the role of birds in spirometrid infections 
is limited. Mueller (1965a) stated that pigeons and young chicks will 
support plerocercoids, but only poorly, it is rather hard to under­
stand how larvae could survive a trip through the gizzard, but to 
obtain some information concerning all vertebrate classes, pigeons were 
i ncluded.
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The technique developed by Nicoll (1967) for analysis of the 
pigeon crop sac response to local intradermal injections of exogenous 
hormones was used.
White pigeons (Columba 1ivia), obtained from a commercial 
supplier, were kept in wire cages on a photoperiod of 12 hours. They 
were allowed to feed ad lib on commercial chicken scratch. No experi­
mentation was begun until the birds were acclimated to laboratory 
conditions for two weeks. At this time, several of the pigeons were 
sacrificed and the mucosa of both sides of the crop sac was scraped, 
dried in a vacuum and weighed. To achieve some degree of equality in 
crop sac area scrapings, the crop sac was stretched uniformly across a 
four-centimeter rubber stopper, and only that area over the stopper was 
scraped. The mucosal scrapings were placed in individual marked vials.
The pigeons were divided into four groups of nine birds each. The 
feathers covering the crop sac were carefully removed and a mark made 
over the middle of the right half of the crop sac so that daily 
injections might be made in the same area.
Group A consisted of nine birds that received 0.2 cubic centimeter 
saline solution injected intraderma1ly. Group B received 0.2 cubic 
centimeter of whole worm homogenate in saline solution prepared from 
frozen plerocercoids and S. mansonoides "A"; Group C, S^. mansonoides 
"B"; and Group D, jS. mansoni.
All birds received four daily injections at the midpoint of the 
photoperiod. Twenty-four hours after the last injection, the birds 
were sacrificed by decapitation and the crop sacs removed. A mucosal 
area four centimeters in diameter directly under the injection site 
was scraped thoroughly. The mucosal scrapings were placed in
24
individual marked vials which were placed in a vacuum, evaporated to 
dryness and then weighed.
RESULTS
Experiment 1A
Mice - Weight Gain
This experiment was terminated 10 weeks after the original weigh­
ings and infection of the experimental groups. Weekly weighings were 
taken of the groups and recorded as weight gain (Figure 1 and Tables I 
and II).
The control animals (Group A) gained 85.8 grams in the first week, 
after which the gains were less dramatic, reaching a final gain of 180 
grams, which represents an increase of 97.71% of original body weight. 
Group B (C-50) exhibited a less rapid increase during the first week, 
gaining oniy 65.1 grams, but by the third week had gained the same 
amount as Group A. After the fourth week, Group B gained a consider­
able advantage and at the end of the experimental period had increased 
its weight by 227-5 grams, or 124.79% increase in body weight, which 
was considerably greater than controls. Group C (C-51) showed a very 
rapid increase at the end of the second week, 114.4 grams, which 
surpassed both of the previous groups, but this advantage was not main­
tained, and these animals increased the original body weight 101.36%, 
or 3.65% more than controls. Group D (C-44) exhibited a growth curve 
very similar to the control group, but gained at a slightly slower rate 
until the ninth week when they gained a final value of 102.86% 
increase in body weight, or 5.15% greater than Group A.
In the male mice of Group A, the growth curve is smooth, reaching
i
a final weight gain of 100 grams (Figure 1). The males of Group B
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(C-50) again followed a similar pattern: equaled the weight of con­
trols by the third week and showed a definite advantage by the sixth 
week. At the final weighing, the males of this group had gained a 
total of 119.5 grams, or 20% more than controls. The curve of Group C 
(C-50 is very similar to that of Group B (C-50), but the final 
advantage over the controls is less (108.5 grams). The slope of the 
curve of Group D (C-^) was again quite similar but slightly lower than 
the control; however, the males of this group never reached a weight 
gain advantage and ended at a lower level than all the other groups 
( 9 3 grams).
The female mice of group A (control) increased weight for the 
first five weeks, after which there was a leveling off until a final 
gain of 80 grams was reached. The females infected with C-50 (Group B) 
plerocercoids gained an advantage over the controls after the second 
week and continued to gain at a rate faster than controls until the 
sixth week, after which there was a leveling off until the end of the 
experimental period, at which time they had gained a total of 110 grams. 
Females of Group C (C-51) gained more than all the other groups between 
weeks one and two, but lost this advantage in the next week and ended 
at a level lower than all the other groups (77-^ grams). The curve of 
Group 0 (C-bb) closely paralleled the control group until the eighth 
week, after which they gained a considerable advantage over Group A 
(control) and ended the experiment with a total gain of 97.2 grams, 
which was 17.1% greater than control females.
T a b le
Weekly Group Weight Gain (Grams)
Week
m
Week Week
m
Week Week
Group A, Control
Male 5 0 51 18 2 9
Female 5 0 34 9 18 7
Total 10 0 85 27 20 16
Group B, C-50
Male 5 0 39 23 9 8
Female 5 0 36 19 lit 10
Total 10 0 75 hi 23 18
Group C, C-51
Male 5 0 32 23 10 13
Female 5 0 26 34 -2 -5
Total 10 0 58 57 8 8
Group D, C-44
Male 5 0 41 8 10 5
Fema1e 5 0 3 8.5 15 6 10
Total 10 0 ■ 79.5 23 16 •15
1
in Plerocercoid-Infected Mice
feek Week Week Week Week Total
#6 #7 m #9 #10 Gai n “f0 Increas
6 6 0 1 7 100
11 5 -1 0 -3 80
17 11 -1 1 it 180 97.71
lit 9 . 1 7 9.5 119.5
16 7 0 6 2 110
30 16 1 13 11.5 229.5 124.79
13 1 3 8 #.5 108.5
lit 8 1 5 -it 77
27 9 it 13 .5 185.5 101.36
12 it -2 0 15 93
7 6 1 1 7 97.5
19 10 -1 1 22 190.5 102.86
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Tab 1e I I
Group Weight Gain (Grams) in Mice Infected with
Plerocercoids for Ten Weeks
Initial Final
Weight Weight Gain % 1 ncrea;
Group A, Control
Male 93.8 193.8 100.0 106.60
Female 90.4 170.4 80.0 88.49
Total 184.2 . 364.2 180.0 97.71
Average 18.42 36.3 18.0
Group B, C-50
Male 92.9 212.4 119.5 128.63
Female 91.0 201 110 120.9
Total 183.9 413.4 229.5 124.8
Average 18.39 41.34 22.95
Group C, C-51
Male 90.8 199.3 108.5 119.5
Female 92.3 169.3 77 83.4
Total 183.1 368.6 185.5 101.4
Average 18.31 36.86 18.56
Group D, C-44
Male 94.7 187.7 93 98.2
Female 90.5 188 97.5 107.7
Total 185.2 375.7 190.5 102.8
Average 18.52 37.57 • 19.05
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Figure. 1. Weekly Group Weight Gain in Mice 
Infected with Plerocercoids for 10 Weeks
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Experiment IB
Weight Gain in Young Mice Injected 
With Plerocercoid Homogenate
In this experiment, young mice of both sexes with an average 
weight of 21 grams were injected three times weekly for a period of 
three weeks (Table 111). Group A received 0.1 milliliter saline; Group 
B (C-50), 0.1 milliliter whole plerocercoid homogenate prepared from 
the Louisiana strain; Group C (C-51), 0.1 milliliter of the New York 
strain homogenate; and Group D (C-44), 0.1 milliliter of the South 
American strain homogenate.
At the end of the experimental period, the males of Group A had 
gained from 2.7 grams to 16.0 grams, with an average of 9-25 grams 
increase. The females of the control group gained 5-7 grams to 14.27 
grams and averaged 9.25 grams. The weight gains achieved by both males 
and females treated together represents an increase of 44.79% over the 
initial weight. The average gain in males of Group B (C-50) was 6.33 
grams, while the females gained an average of 9.44 grams in the same 
time, a total increase of 37.8/70. Group C (C-51) males and females 
exhibited a slight advantage in weight over controls; the males, 10.91 
grams, and the females, 11.78 grams, a total increase over their 
initial weight of 55-52%. However, in Group D (C-44), both males and 
females gained Jess than the control animals: 6.75 grams and 8.36
grams, respectively, resuiting in a total weight increase of 32.94% 
(Table Ml).
There were no statistical differences in weight gain between 
controls and experimenta1s .
T a b le  l i t
Individual Weight Gain (Grams) in Young Mice Injected with 0.1 ml 
Plerocercoid Homogenate Three Times Weekly for Three Weeks
Initial Final Initial Final
Weight Wei ght Ga in Wei ght Weight Gain
Group A, Control 
Males 21.20 37.10 16.00 Females 17.23 31.50 14.27
24.65 34.60 9-95 22.92 33.65 10.73
18.70 30.60 11.90 20.00 25.70 5.70
19.45 25.15 5.70 24.00 31.60 7.60
22.80 25.50 2.70 15.63 23.62 7.99
Average 21.34 30.59 9.25 19.96 29.21 9.25
Group B, C-50
Ma les 25.60 33.80 8.20 Fema1es 21.14 29.09 7.95
24.90 33.55 8.65 20.73 30.37 9.64
21.00 24.80 3.80 16.14 23.20 7.06
24.00 32.30 8.30 18.30 27.00 8.70
20.10 22.80 2.70 16.35 30.18 13.83
Average 23.12 29.45 6.33 18.53 27.97 9.44
Total
Gain
18.50
15.77
%
Increase
44.79
37.87
T a b le
Group C, C-51
Males
Initial
Weight
23.05
Finaf
Weight
32.00
Gain
8.95
19-60 31 .72 12.12
22.20 36.40 14.20
22.70 30.10 7.40
17.10 29.00 11.90
Averaqe 20.93 31.84 10.91
Group D, C-44
Mai es 27.90 36.60 8.16
19.90 . 26.86 6.96
28.10 33.73 5.63
29.1+0 36.06 6.67
26.55 39.92 6.36
Averaqe 26.37 33.13 6.76
I I I  ( c o n t i n u e d )
Initial
Weight
Final
Weight Gain
Total
Gain
%
1ncrease
24.95 31.64 6.69
17.90 31.50 13.60
17.55 31.05 13.50
19.90 29.72 9.82
19.60 34.91 15.31
19.98 ■ 31.76 11.78 22,90 55.52
25.35 25.07 -0.28
18.15 30.37 12.22
18.45 25.99 7.54
19.30 30.65 11.35
16.45 27.44 10.99
19.54 27.90 8.36 15.06 32.94
ro
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Experiment 1C
Weight Gain in Mature Mice . I njected 
With Plerocercoid Homogenate
in this experiment, mature maie and female mice having an initial 
weight which averaged 39.73 grams were used.
Group A (control) males lost a total of 1.8 grams in the course of 
the experiment, while the females lost a total of 8.25 grams. This 
represents a loss in the group of 10.05 grams, or an average loss of 
slightly more than one gram per animal. This is a loss of 2 . 5 5 % of the 
initial weight of the group. Injected homogrnate of C-50 plerocercoids 
had an effect on the animals of Group B to a degree that the males 
gained a total of 5*25 grams; the females, 6.00 grams, for a total of 
11.25 grams, or an increase of 2.86% for the group. Group C (C-51) 
exhibited the greatest gains of any group in this experiment. The 
males gained a net of 11.46 grams and the females, 9.1 grams for a 
total of 20.65 grams, an increase of 5-11% over the initial weight.
The males of Group D (C-44) showed a net loss of 3.74 grams and the 
females, a loss of 2.49 grams. While the group lost weight, they did 
not lose as much as the control animals, 2.08% versus 2.55% of controls. 
The males of this group were in very bad condition due to fighting, and 
two of the five males were killed during the course of the experiment. 
Table IV gives the initial weight, final weight and net changes of all 
groups.
The gains of homogenate injected animals were significant (pk^.05) 
but there was no statistical difference between sexes relative to 
weight gain.
T a b l e  IV
Individual Weight Gain (Grams) in Mature Mice Injected with 0.1 ml. 
Plerocercoid Homogenate Three Times Weekly for Three Weeks
Initial
Weight
P inal 
Weight Gain
Initial
Weight
Final 
Wei ght Gain
Group A, Control 
Males 41.20 40.10 -1.10 Females 45.80 42.44 -3.40
47.80 50.60 2.80 32.00 31.40 -0.60
44.40 44.50 0.10 33.20 31.85 -1.35
43.20 41.40 -1.80 36.80 34.80 -2.00
38.70 37.00 -1.70 31.80 30.90 -0.90
Average 43.06 42.70 -0.36 35.92 34.27 -1.65
Group B, C-50
Males 46.80 46.20 -0.60 Females 45.90 43.00 -2.90
45.30 45.85 0.35 32.00 35.60 3.60
38.50 40.50 2.00 35.60 36.10 0.50
45.80 45.20 -0.60 32.80 34.20 1.40
40.80 44.90 4.10 31.20 34.60 3.40
Averaqe 43.44 44.49 1.05 35.50 36.70 1.20
Average
Weight
Gain
- 1.00
1.13
Increase
-2.55
2.86
Table
Initial
Weight
Final
Weight Gai n
Group C, C-51
Males 38.90 43.60 4.70
**2.25 47.00 • 4.75
44.80 49.51 4.71
43.90 45.80 1.90
54.10 49.50 -4.60
Averaqe 44.79 47.08 2.29
Group D, C-44
Males 49.30 47.81 -1.50
45.00 42.92 -2.08
45.55 45.34 -0.16
Dead
Dead
Average 46.62 45.37 -1.25
IV (continued)
Average
Females
Initial
Weight
Final
Weight Gain
Weight 
Gai n
47.50 49.20 1.70
36.40 36.50 0.10
33.50 36.20 2.70
30.10 32.00 1.90
31.10- 33.80 2.70
35.72 37.54 1.82 2.06
35.00 34.00 -1.00
41.40 41.40 0
37.85 36.30 -1.55
38.10 38.50 0.40
31.50 33.70 0.20
36.77 36.28 -0.49 -.71
%
5.11
- 2.08
U)
vn
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Experiment 2
Growth and Fattening in Whole Plerocercoid 
Homogenate-1njected Fish
Considerable difficulty was encountered in determining the initial 
live weight of the fish (£. chrysotus) employed in this experiment.
Ap, roximately 50% of the fish weighed alive died as a result of han­
dling and exposure to air. The fish were handled with special care to 
prevent drying and were, therefore, more moist at the initial weighing 
than at the final. Thus, the apparent loss of weight by three of the 
groups could have been due to the difference in surface moisture.
If the control group could be considered to be zero and the 
experimental groups compared to this value, the following are the 
results; The animals of Group B (C-50) exhibited an average advantage 
over controls of 22.h milligrams per fish; Group C (C-51), 81.2 milli­
grams per fish; Group D (C-M*), 50.9 mi IIigrams per fish (Table V).
The changes in weight represent a loss of 3.58% of the initial 
weight of Group A (control), a loss of 2.09% in Group B (C-50), a gain 
of 0.49% in Group C (C-51) and a loss of 1.05% in Group D (C-*<4).
Average dry lipid indices (percent of dry weight attributable to 
lipid = DLl) were: Group A (control), 13.39%; Group B (C-50), 15.35%; 
and Group D (C-A4) , 1^.70%. The animals of Group C (C-51) exhibited a 
lower DLl, 11.6%, while gaining more weight than any other group, 81.2 
milligrams per fish compared to controls (Table V).
Weight gain but not lipid content approached statistical 
s igni ficance.
T a b l e  V
Growth and Fattening in Individual Fish (Fundulus chrysotus) Injected Daily with Whole 
Plerocercoid Homogenate at the Rate of 0.01 ml. per Gram of Body Weight 
for a Period of Seven Days (Weight in Grams)
Group A 
Control
Averaqe
ni tial 
Wei ght
Final
Weight
Weight 
Ga in
%
Wei ght 
1ncrease
Dry 
Weight 
of Fish
Lipid
Weight
% Body 
Wt. Due 
to Lipid
1.2830 1.1497 -.1333 -2935 .0458 15.60%
1.9100 1.7433 -.1667 .4625 .0618 13.36%
1.3116 1.2542 -.0574 .3367 .0472 14.01%
1.6939 1.6471 -.0468 .4255 .0484 11.37%
1.6694 1.5510 -.1184 .4115 .0633 15.38%
2.2917 2.2686 -.0231 .6030 .0827 13.71%
1.6074 1.5864 -.0210 .4200 .0615 14.64%
1.3615 1.3560 -.0055 .3647 .0663 18.17%
2.7644 2.7938 .0294 .6955 .0740 10.63%
3.4225 3.2720 .1505 .7876 .0769 9.76%
1.9315 1.8622 -.0693 -3.58 .5075 .0647 13.39%
V j J
Group B 
C-50
Average
nitial
Weight
Final
Weight
Weight
Gain
1.57H 1.5886 -.0175
2.5574 2.5599 .0025
2.6815 2.5608 -.1207
1.7025 1.6367 -.0658
.9365 .8967 -.0398
1.4013 1.3232 -.0781
1.4656 1.4000 -.0656
3.3200 3.2535 -.0665
2.6858 2.6301 -.0557
.6501 .5774 -.0727
3.4460 3.4756 .0296
2.2418 2.1903 -.0469
T a b l e  V ( c o n t i  nued)
%
Weight 
Increase
■2.09
Dry
Weight Lipid 
Wei ght
% Body 
Wt. Due 
to Lipid
.4017 .0540 13.40%
.6468 .0767 11.80%
.6582 .0814 12.36%
.4346 .0594 13.66%
.2348 .0458 19.50%
.2599 .0566 21.77%
.3566 .0534 14.97%
.8245 .0915 11.09%
.7131 .0974 13.65%
.1727 .0445 25.76%
.8536 .9021 10.78%
.5053 .0684 15.35%
LO
00
Group C 
C-51
Averaqe
T a b le  V ( c o n t i n u e d )
Initial
Weight
Final
Weight
Weight 
Ga i n
%
Weight 
1 ncrease
Dry 
Weight 
of Fish
Lipid 
Wei ght
% Body 
Wt. Due 
to Lipid
2.1581 ' 2.2454 .0873 • 5^19 .0560 10.33%
2.0382 1.9727 -.0655 .4867 .0592 12.16%
*1.0551 4.1427 .0876 .9*^9 .0899 9.51%
1.8913 1.6011 .0884 .4098 .0450 10.98%
3.0352 2.9678 -.0674 .7417 .0791 10.66%
1.8652 1.9097 .0091 .4852 .0631 13.00%
.9314 .8726 .0588 .2368 .0375 15.83%
2.5771 2.6004 .0233 .6249 .0624 9.98%
2.4490 2.4691 .0201 .6052 .0879 13.03%
2.4157 2.4004 .0119 0.49 .5867 .0656 11.61%
UO
VO
Group D
c-i£
Weight Weight
Weight 
Gai n
1.4210 1.4019 -.0191
1.5560 1.4915 -.0645
1.6264 1.5133 -.1131
1.1290 1.1240 -.0050
2.3076 2.3360 .0284
2.3485 2.3854 .0389
1.8275 1.8328 .0053
1.7451 1.7262 -.0184
T a b le  V ( c o n t i n u e d )
%
We i gh t 
Increase
Averaqe  7   -1.05
Dry 
Weight 
of Fish
Lipid 
Wei ght
% Body 
Wt. Due 
to Lipid
.3681 .0564 15.32%
.3871 .0566 14.62%
.3843 .0621 16.15%
.2872 .0517 18.00%
.5928 .0756 12.75%
.6025 .0768 12.74%
.4645 .0629 13.5^%
.4409 .0631 14.70%
Sr
o
Experiment 3
Inhibition of Tadpole Metamorphosis
In this experiment, a comparative analysis of the stage of develop­
ment achieved by plerocercoid-infected versus uninfected controls was 
made.
One interesting result of this experiment was the lethal effect
which the plerocercoids have upon tadpoles. While the mortality among
developing control tadpoles was high (30%), the death rate among the
experimental animals was much higher (51*6%). Highest mortality
occurred in uninfected tadpoles at the time when pronounced morpholog-
»
ical changes were taking place as the tadpoles finally metamorphosed to 
the frog condition. Mortality among infected tadpoles was not higher 
at any particular stage but occurred at all times during the experiment.
In the control group, 17.^6% of the animals had metamorphosed 
(Stage 6) and 7.93% were in Stage 5> compared to Group B (C-50) and 
Group C (C-51) which had no animals developed beyond Stage f^. However, 
Group D (C-4*f) did have 15.38% and 7-69% developed to Stages 6 and 5, 
respectively. In all groups, the majority of animals remained in Stage 
3. All these results are summarized in Figure 2 and Table VI.
The results of an adjunct experiment are included in Figure 3 and 
Table VII. The results are even more dramatic than those of the 
experiment described above. In the control group, 70% of the animals 
developed beyond Stage 3 (hind legs only), while only 8.33% of the C-b b  
(Columbia, South America) infected tadpoles progressed beyond this 
stage. None of the infected animals progressed beyond Stage 3, whereas 
in the control animals, 10% completed metamorphosis and 25% had visible 
forelegs.
Although plerocercolds often could be seen just under the 
epidermis of infected animals and were found throughout the body, a 
large percent were consistently found in the liver (as many as 16 
plerocercoids - 100% in one Group B animal).
At least as dramatic as any effect the plerocercoids might have 
had on the tadpoles was the apparent retardation of growth in the 
plerocercoids. Even after four months, these larvae, while infective, 
remained at a very small size, less than a centimeter, compared to 30 
or more centimeters in mice infected for the same period.
The inhibition of metamorphosis in plerocercoid infected tadpoles 
was highly significant (p<.05).
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Table VI
nhibition of Metamorphosis in Plerocercoid-Infected Frog Tadpoles, 
Number of Total Reaching Developmental Stages 1-6 Given as %. 
Stage 1 = young tadpole, Stage 6 = frog.
Experimental Period = 100 days.
Group A
Control
Group B
C-50
Group C
C-51
Group D
Progressive Stages of Development
i l l  it 5 6
0 if. 76% 57.14% 12.69% 7.93% 17.46%
0 16.66% 33.33% 50.00% 0 0
0 0 70.00% 30.00% 0 0 
0 15.38% 53.84% 7.69% 7.69% 15.38%
Figure 2. Inhibition of Metamorphosis in Plerocercoid - Infected Frog Tadpoles. 
Number of Total Reaching Developmental Stages 1 - 6 Given as %. Stage 1 = Young 
Tadpole, Stage 6 = Frog. Experimental Period = 100 Days,
COMT 8.01
6 5 4 3 2 1  6 - 5  4 3 2 1
C $ 0  C51
STAGE OF DEVELOPMENT
* ' 5  4 3 2 1
C4 4
-c-■P
Inhibition of 
(Number 
Given
Controi 4
C-44 8
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Table VII
Metamorphosis in Plerocercoid-lnfected Frog Tadpoles 
of Individuals Reaching Developmental Stages 1-6 
as %) Stage 1 = young tadpole, Stage 6 = frog
1 1 1 it 5 6
.76% 9.52% 19.04% 33.33% 23.80% 9.52%
.33% 50% 33.33% 8.33% 0 0
4
Figure 3 . Inhibition of Metamorphosis in Plerocercoid - Infected 
Frog Tadpoles. Number of Total Reaching Developmental Stages 1 - 
6 . Given as % . Stage 1 = Young Tadpole, Stage 6 = Frog. Expe­
rimental Period = A4 Days.
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Experiment k
Growth Rate in PIerocercoid-Infected Frogs
Three-inch frogs exhibited no apparent weight gain response to 
infections with plerocercoids.
Although some of the Group A (uninfected control) animals gained 
weight, others lost, resulting in a net loss of 7*3 grams at the end of 
the month-long experiment. All of the experimental groups exhibited 
similar patterns, with some individuals showing weight gain and others 
showing weight loss. However, the net losses of experimental groups 
were slightly greater than that of the control group. Group B (C—50) 
had a net loss of 8.3 grams; Group C (C-51), 12.2 grams; and Group D 
{ C - k k), 10.2 grams. Table VI 11 contains a summary of the results.
As was stated above, the plerocercoids were injected subcutaneous- 
ly into these frogs. Before being injected, most of the larval body 
was clipped away and the scolex and a small portion (approximately one 
centimeter) of the body was the only part injected. Plerocercoids were 
removed at the termination of the experiment. As in Experiment 2 
(inhibition of Tadpole Metamorphosis), the host animal appears to 
inhibit the growth of the parasite. Plerocercoids were still viable, 
but they had not increased in size; rather they seemed to be reduced in 
s i ze.
There was no statistical difference between uninfected controls 
and plerocercoid-infected animals.
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T a b l e  V I 11
Individual Weight Gain (Grams) in PIerocercoid-|nfected 
Adult Frogs, Experimental Period = 4 Weeks,
Group A 
Control
Average
Group B 
C-50
Average
Ini tial 
Wei ght
16.7
13.8 
18.2
17.8
16.7
15.1
14.9 
20.0
13.1
15.9
16.2
18.7
Dead
12.2
18,0
20.0
15.5 
12.1
15.8
13.5 
21.0 
16.3
Fi na 1 
Weight
5.0
3.3
7.8
7.7
6.0 
5-2
3.0
9.0 
3.5
4.4
5.5 
7-2
1.5
15.0
23.4
14.4
1.9
4.8
2.6 
7.7
5.4
%
Gain
-1.7
-0.5
-0.4
- 0.1
-0.7
0.1
-1.9
- 1.0
0.4
-1-5
-0.7
-1.5
-0.7
-3.0
3.4
- 1 . 1
- 0.2
- 1.0
-0.9
-3.3
-0.9
Increase
-.43
-.55
49
T a b l e  VI11 ( c o n t i n u e d )
Group C 
C-51
Average
Group D 
C-44
Average
Initial 
Wei ght
Final 
Wei ght Gain
15.0 12.9 -2.1
17.2 13.5 -3-7
16.0 14.6 -1.4
20.5 18.7 -1.8
11.6 10.8 -0.8
12.0 11.5 -0.5
12.1 11.7 -0.4
18.1 16.7 -1.4
16.1 16.0 -0.1
Dead
15-4 14.0 -1.4
17.2 13.3 -3.9
21.2 19.6 -1.6
Dead
18.5 16.7 -1.8
13.8 14.8 1.0
1^.2 14.5 0.3
13.0 12.2 -0.8
Dead
14.2 12.8 -1.4
16.6 14.6 -2.0
16.1 14.8 -1.3
%
I ncrease
-.91
- .8 1
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Experiment 5A
Growth and Fattening Response in Lizards
Plerocercoid-infected male anoles produced definite weight gains 
over uninfected lizards In a four-week experiment.
Twenty controls with average starting weights of 3.33 grams 
showed an average loss of 0.07 grams. Some of these animals did show a 
slight gain (Table IX), but the total effect was a net loss of 0.2% of 
the initial weight.
The migration of plerocercoids through vital organs often proves 
to be lethal to lizards. Only 2k of an original 39 lizards making up 
the three experimental groups survived long enough to be counted in the 
results.
Group B (C**50) lizards infected with seven jj. mansonoides "A" 
plerocercoids gained an average of 0.72 grams, or stated another way, 
17.81% more than the original body weights. These weight gains do not 
include the weight of the spargana as they were removed, weighed and 
the worm weight was subtracted from the gross weight of each infected 
1i zard.
Group C (C-50) infected with S_. mansonoides "B,“ exhibited the 
most dramatic weight gain advantage. The weight of these animals 
increased 32,83% during the course of this experiment, resulting in an 
average gain of 1.18 grams.
Group D (C~^) , infected with mansoni, gained 20.23% more than 
its original body weight, resulting in an average gain of .7k gram.
In, an experiment concerned only with the fattening response of 
p 1erocercoid-infected anoles in winter, when the fat stores are 
greatest (Table X), the lipid content of control animals amounted to
2.01%, while all experimental groups were less. The fat bodies of 
lizards infected with C-51 plerocercoids totaled I . o f  the body 
weight; those with C - k k were 1.36%. Due to a shortage of C-50 plero­
cercoids and lizards at this time, a Group B was not used.
Increased growth rate in the lizards was not the only phenomenon 
observed. The plerocercoids grew at a much faster pace in lizards than 
in other hosts. Only the scolex and a small portion of the body, 
totaling approximately 5” 10 millimeters, was used to infect the lizards 
orally. One S. mansoni plerocercoid, removed from a dying lizard 
infected for only 20 days, measured 113 millimeters.
Statistical analysis shows a significant difference (p <-01) in
/
weight gain between controls and infected lizards but no difference 
between the weights of the fat bodies.
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T a b l e  IX
Individual Weight Gain (Grams) in Plerocercoid-I nfected 
Male Anoles. Experimental Period « 4 Weeks.
Group A 
Control
Initial Final
Wei ght Wei ght Gain
4.1704 3.9337 -.2367
4.9816 5.1921 .2105
4.4495 3.7970 -.6525
3.2666 2.7244 -.5422
3.0276 4.1483 1.1567
2.8418
•
2.1810 -.6608
3.4198 3.5163 .0965
2.7336 2.9720 .2384
2.9104 3.0115 .1011
2.8062 3.0139 .2077
1.8929 2.1669 .2740
4.0865 3.4966 -.5899
3.8394 4.3015 .4621
5.2820 5.0466 -.2354
4.3686 4.5567 .1881
5.3104 4.44834 -.8270
4.5940 4.5992 .0052
6.9633 6.2016 -.7617
3.0473 3.4783 .4310
2.7415 2.3349 -.4066
3.8290 3.7520 -.0770
%
Increase
Average    -.20
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Group B 
C-50
Average
Group C 
C—51
Average
T a b l e  IX ( c o n t i n u e d )
Weight Wei ght Gain
Plerocercoid 
Wei ght
4.063*1 6.1491 1.9840 .1017
5.1135 6.6397 1.5262 .0584
4.0244 4.2535 .2291 .0468
4.8926 5.1170 .2244 .0653
4.6607 4.3058 -.3549 .0681
2.6438 3.7880 1.1442 .0620
2.7725 3.0357 .2632 .0482
4.0244 . 5.0162 .7166 .0643
5.7220 8.7111 2.9891 .0399
4.3519 5.4003 1.0412 .0340
3.6094 4.7499 1.1405 .0456
2.7286 3.3924 .6638 .0431
2.5416 3.6607 1.1191 .0623
2.4870 3.4806 .9936 .0406
6.3361 7-5187 1.1826 .0432
2.4073 3-4175 1.0102 .0599
2.1203 2.5803 .4687 .0305
3.5901 4.7688 1.1787 .0443
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T a b l e  IX ( c o n t i n u e d )
Group D 
C-44
Initial
Weight
Fi nal
Weight
pierocercoid 
Gain Weight
6 .5638 8.4084 1.8446 • 0 m
J
O
4.5870 5.1287 .5417 .0723
3-2926 3.7761 .4835 .0457
2 .7409 3.6087 .8678 .0603
2.4283 3.3144 .8861 .0451
5.0462 5.6059 .5597 .0494
2.1164 2.4726 .3562 .0717
2.2666 2.6356 .3690 .0437
3.6302 4.3688 --j 00 O' .0498
%
Increase
Average -  ,  -7386 4-  20.29
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T a b l e  X
Individual Fattening Response in Plerocercoid-Infected Male Anoles. 
Experimental Period = 4 Weeks. Weight in Grams.
Fat
Group A 
Control
Average
Group B* 
C-50
Body Weight Body Wei ght %
5.6721 .0854 1.50
4.4l4l .0823 1.86
5.6702 .0647 1.14
4.4679 . 0888 1.98
4.9654 .1213 2.44
6.3482 . 1312 2.06
5.1945 .1126 2.16
5.4535 . 1350 2.47
5.5537 .1414 2.54
5.7171 . 1134 1.98
5.3456 . 1076 2.01
6.1491 .0050 .08
6.6397 .0219 .32
4.2535 .0067 .02
5.1170 .0541 .11
4.3058 0 0
3.7880 .0052 .013
3.0357 0 0
Dead
Dead
Dead
4.0244 ,0013 ' .09Average
*Wi Id lizards caught in March,
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Group C 
C-51
Average 
Group D
c ^ r ~
Table X (continued) 
Fat
Body Weight Body Weight %
6.8596 .1859 2.71
6.3997 .1198 1.87
6.1450 • 1195 1.94
5-1629 .0850 1.64
5.5101 . 1216 2.20
6.4541 . I656 2.56
6.6978 .1095 1.63
4.7109 .0443 0.94
4.4717 .0613 1.37
4.4947 .0230 0.51
5 . 6 S 0 3 .1035 1.74
7.2925 .1160 1.59
6.6716 .1147 1.71
6.7668 .0265 0.39
7.9430 .1836 2.31
7.3416 . I869 2.54
6.2368 .0780 1.25
5.0733 .0160 0.31
4.9695 .0418 0.84
Dead
Dead
Average 6.5368 .0954 1.36
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Figure 4. Weight Gain in Adult Male Lizards 
Infected with Plerocercoids for Four Weeks
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Experiment 5B
Growth and Fattening in Homogenate-Injected Lizards
Two separate experiments were conducted with whole plerocercoid 
homogenate-injected male Anolis carolinensis. The first experiment was 
conducted in the winter when fat stores of these lizards are greatest 
(Licht and Jones, 1967) and was concerned only with the effect of a 
week of daily injections upon fattening as expressed by percent of 
total fresh body weight attributable to weight of abdominal fat bodies. 
The second experiment, conducted in spring when stored fat is consider­
ably lower than in winter, was concerned with weight gain as well as 
fattening.
In the final part of this experiment, the average weight due to 
abdominal fat bodies of controls amounted to i.32%. In all experimen­
tal groups the fresh weight due to fat was less than 1%. Lizards 
injected with the local form of Spirometra (Group B, C-50) were 0.62%
fat bodies; Group C (C-51), 0.95%; and Group D (C-44) , 0.77% (Table
XI).
In the second part of the experiment, control animals gained an 
average of 2.1 milligrams during the experimental period, an increase 
of 0.04%, and were 0.91% lipid. The lizards in Group B (C-50) gained 
an average of 63-1 milligrams (1.54% increase) during the same time, 
and the weight of the fat bodies constituted 0 .96% of the total fresh 
weight. Group C (C-51) animals gained an average of 113.2 milligrams 
(2.85% increase), and the fat bodies amounted to only 0.61% of the 
total body weight. Group 0 (C-44) gained an average of 16.4 milligrams 
(0.43% weight increase) during the experiment and an average of 0.57%
of the fresh body weight was due to the weight of the fat bodies (Table
XII).
Weight gain in homogenate-injected lizards was significant 
(p<.05), but differences in weights of the fat bodies between controls 
and experimental anoles were not statistically significant.
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T a b l e  XI
Individual Fattening Response in Hale Anoles Injected with 
Plerocercoid Homogenate. All Injections 0.1 ml/g of 
Body Weight at Midpoint of Photoperiod for 
Seven Days. Weights in Grams.
Group A 
Control
Average
Group B 
C-50
Body
Weight
Weight of 
Fat Bodies %
6.5721 .2063 3.13
4.5417 .0231 0.^6
5.0656 .0191 0.37
5.3132 .0570 1.07
4.0504 .0269 0.66
5.0173 .1176 2.3^
6.40^6 .0942 1.47
4.6889 .0508 1.08
5.1080 .0553 1.08
4.5410 .0677 1.49
5.1303 .0772 1.32
4.3839 .0494 1.12
4.7926 .0106 0.22
4.9373 .0103 0.20
6.3778 .1211 1.91
4.6318 * .0244 0.52
4.6292 .0205 0.44
5.1831 .0173 0.33
4.6247 .0171 0.36
5.6145 .0287 0.51
Dead
5-0194- .0331 0.62
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Group C 
C-51
Average 
Group D
c^ 44
Average
T a b l e  XI ( c o n t i n u e d )
4.9666 .0193
5.0781 .0747
5.8394 .0997
4.6843 .0527
5.2424 .0366
5.9765 .0470
4.5893 .0489
5.4328 .0230
Dead
Dead
5.2261 .0502
6.4996 .0331
5.1130 .0465
5-1381 .0094
5.4563 .0466
6.5196 .0523
5-8544 .0647
5.9318 .0556
3.9959 .0249
5.7275 .0636
Dead
5.5818 .0441
0.38 
1.47 
1.70 
1 . 12 
0.69 
0.78 
1.06 
0.42
0.95 
0.50 
0.90 
0.18 
0.85 
0.80 
1.10 
0.93 
0.62 
1 . 1 1
0.77
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Table XI1
Individual Growth and Fattening in Lizards Injected with Whole 
plerocercoid Homogenate at the Rate of .01 ml/gram of Body 
Weight for a Period of Seven Days. Weight in Grams.
% of Body 
% Weight Weight
Group A 
Control
Average
Group B 
C-50
Average
Initial Final We i gh t of Fat Due
Weight Wei ght Gain 1ncrease Bod i es Fat B<
6.0217 6.0747 .0530 .0962 1.58
3.5672 3.5199 -.0473 .0275 0.78
5.5006 5.4387 -.0619 .0229 0.42
4,0207 4.2985 .2778 .0422 0.98
3.4105 3.5993 .1888 .0321 0.89
5.2837 4.6436 -.6401 .0168 0.36
2.9571 3.1742 .2171 .0499 1.57
5.3688 5.3985 .0297 .0361 0.66
Dead
Dead
4.5163 4.5338 .0021 0.04 .0404 0.91
4.9409 5.0914 .1505 .0301 0.59
5.2559 5.0436 -.2123 .0241 0.47
4.3784 4.5290 . 1506 .0752 1.66
4.7215 4.8835 . 1620 .0976 1.99
3.0716 3.3678 .2962 .0459 1.36
2.7531 2.5981 -.1550 .0095 0.36
3.5985 3.8770 .2785 .0171 0.44
2.5816 2.4517 -.1299 .0175 0.71
5.5387 5.7637 .0225 .0612 1.06
Dead
4.0934 4.1784 .0631 1.54 .0420 0.96
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Group C 
C-51
Average
Group D 
C-44
Average
T a b l e  X I I  ( c o n t i n u e d )
%  Weight
Ini tial 
Wei ght
Fi nal 
Wei ght Gain
Wei ght 
Increase
of Fat 
Bod i es
Dead
4.3500 4.3829 .0329 .0093
5-5129 6.0003 .4874 .0543
4.3709 4.3806 .0097 0
3.6868 3.8684 . 1816 .0407
3-9950 4.1177 . 1227 .0194
4.3826 4.7318 ■ .3492 0
2.7805 2.4354 -.3451 .0116
2.6018 2.6695 .0677 .0477
Dead
3.9600 4.0733 .1132 2.85 .0228
3.7191 3.6768 -.0423 .0131
5.3414 5.1272 -.2142 .0267
4.3522 4.4560 .1038 .0304
3.3335 3.3814 .0479 .0128
4.7258 5.2538 .5280 .0320
2.4340 2.3187 U53 .0126
3.1168 2.9620 -.1548 0
3.3094 3.2126 -.0968 .0516
4.6433 4.9035 .2602 .0469
2.7737 2.6208 -.1529 0
3.7749 3-79128 .0164 0.43 .0261
%  of Body 
We i ght 
Due To 
Fat Bodies
0.21
0.90
0
1.05
0.47
0
0.47 
1.78
0.61
0.35
0.52
0.68
0.37
0.60
0.54
0
1 .60 
1 . 01 
0
0.57
6k
Experiment 6
pigeon Crop Sac Stimulation 
A dramatic effect of injected dead plerocercoid homogenate was 
noticed in this experiment (Table XIII). Upon opening the crop sacs of 
pigeons receiving injections of homogenate, a thicker, rougher- 
appearing area was noticed immediately under the site of injection.
As described previously, a section of crop sac four centimeters in 
diameter immediately beneath the point of injection was carefully 
scraped, resulting in complete removal of the mucosa. After drying 
these mucosal scrapings in a vacuum, they were weighed. The results of
4
these weighings are found in Table XIII. The mucosal dry weight (MDW) 
of the control group totaled 78.5 milligrams with an average of 8.72 
milligrams. In comparison, the MDW's of Group B (C-50), C (C-51) and 
D (C-^4) showed increases of 90.06%, 111.21% and 122.16%, respectively, 
over that of the controls. These results are summarized in Figure 5.
Figure 6 shows the results of an earlier experiment using five 
control pigeons and five pigeons injected with homogenate of C-50 
plerocercoids. The MDW values of the control group were very similar 
to those of the control group in the above experiment, an average of 
8.13 milligrams compared to 8.72 milligrams in the control in the above 
experiment. The MDW of the experiments exhibited an advantage of 
105.^1% over controls.
Differences between MDW's of homogenate-injected and snline- 
injected controls were highly significant (p<.001).
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Table XI1 I
Growth-Stimulating Effect of Four Daily Injections of 
Plerocercoid Homogenate on Pigeon Crop Sac Mucosa. 
Mucosal Dry Weight in Grams.
Total
Average
% Advantage 
over Controls
oup A 
MDW
Group B 
MDW
Group C 
MDW
Group D 
MDW
.0100 .0106 .0153 .0199
.0076 .0180 .0143 .0170
.0105 .0121 .0155 .0167
.0095 • .0133 .0219 .0270
.0043 .0228 .0186 .0213
.0082 .0160 .0164 .0188
.0074 .0159 .0231 .0204
.0098 .0189 .0220 .0203
.0112 .0216 .0205 .0130
.0785 . 1492 . 1658 .1744
.0087 .0166 .0184 .0194
90.06 111.21 122.16
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Figure 5 . Pigeon Crop Sac Response to 
Injections of Plerocercoid Homogenates
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Figure 6. Pigeon Crop Sac Response to 
Injections of Plerocercoid Homogenates
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DISCUSSION AND CONCLUSIONS
Parasitism is often considered to be a condition in which the 
parasitic organism thrives at the expense of the host. In many cases 
the host organism does suffer, or at least is less hardy than unpara­
sitized members of the same species. In many parasitic diseases, the 
host may lose considerable weight. Conversely, the presence of para­
sites is sometimes associated with abnormal growth. Tissue hyperplasia 
or tumor formations, as in hydatid disease and filarial elephantiasis, 
can increase the weight of the host. This weight increase, however, is 
due to either the increasing mass of the parasites or the defense 
mechanism of the host. Increased weight in various hosts parasitized 
by splrometrid plerocercoids is due to none of the above, but rather to 
a stimulated growth of normal tissues due to the presence of a tissue- 
invad ing paras i te.
Mueller (1963a) found mice infected with six or more spargana or 
scolexless fragments showed a weight gain over controls which varied 
from 5% to 30%, with an average of 17-60%. In later experiments 
(Mueller, 1965a), he demonstrated that mice of both sexes, immature and 
mature, gained weight at a greater rate than controls. In the same 
work, he found plerocercoid-infected hamsters and deer mice exhibited 
enhancement of growth. Mueller (1965a, 1968, 1970) reported differ­
ences in geographical strains of Sp i rometra relative to the ability of 
the spargana to stimulate growth.
My results of these experiments with plerocercoid-infected mice 
clearly demonstrate that a weight gain advantage is achieved when
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compared to uninfected controls. Maximum advantage of 27.08% was 
realized by S_. mansonoides "A" (C-50, Louisiana), while the other 
experimental groups gained 3-65% (C-51) and 5.15% (C-44) more than 
controls. A possible explanation of the lower values of mansonoides 
"B" (C-51) New York) and £. mansoni (C-Vt, Colombia, South America) 
might lie in the length of the experiment. Mueller's experiments were 
allowed to continue for periods of two months or more, but he found 
that maximum weight gain advantages achieved by plerocercoid-infected 
mice occurred between the fourth and twelfth weeks. In my work, all 
groups were terminated at the tenth week post-infection.
Injections of whole plerocercoid homogenate had less effect on 
weight gain in young mice than infections with live worms. The dura­
tion of these experiments was much shorter, three weeks versus ten 
weeks for the previous experiment. Two of the experimental groups 
gained at a slower rate than controls, but Group C (C-51) gained 17.65% 
more than the control group. It is of considerable interest that in 
the majority of experiments where injections were used, homogenate 
prepared from this New York spirometrid produced the most dramatic 
results. Mueller (1S68) found that S_. mansonoides from New York had a 
much greater growth-promoting effect on rats compared to three exotic 
strains. There do appear to be differences in weight gain due to the 
presence of plerocercoids of the species of Sp i rometra used in this 
study. However, more work is necessary to define these differences.
As stated before, normal morphometric means are unsatisfactory for 
taxonomically separating species of Spirometra. Perhaps more research 
into the host-parasite relationships of this genus will shed more light 
upon this situation.
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Fully mature mice showed weekly fluctuations in weight. The 
effect of this was a net loss in the control group. While some of the 
experimental animals did lose weight during the three weeks of injec­
tions, only Group D (C-44) had a net loss of weight, and this loss was 
slightly less in magnitude (0.^7%) than controls. Both of the other 
groups gained weight, 2.86% in Group B (C-50) and 5-11% in Group C 
(C-51)» again the greatest advantage over controls (7.66% greater). 
These gains are of some significance when one considers the mice used 
in this experiment were fully mature and presumably had achieved full 
growth.
Results of the experiment using homogenate-i njected JF, chrysotus 
are rather difficult to interpret. One difficulty lies in the initial 
weighing of live fish because they die if allowed to dry even slightly, 
and weighing them wet introduces possible error. Therefore, care was 
taken to prevent any loss of water at the initial weighing, and at the 
terminal weighing it was difficult to be sure that the same amount of 
surface moisture was being weighed. Added to these facts, daily han­
dling apparently results in a weight loss over the experimental period. 
Of the 10 control animals, eight had a net loss of weight. It is of 
interest to note that none of the experimental animals lost as much 
weight as the controls, and one group, Group C (C-51), had a net weight 
gain with only two of the 10 animals losing weight. Because this group 
averaged less lipid (11.61%) than controls, the weight gain is due to a 
mobilization of lipid to produce body proteins rather than to an 
increase in stored body fat.
While all experimental groups in the fish experiment had a weight 
advantage over controls, no gains were of the magnitude described by
Lee and Meier (19&7) and Meier (1969), and the lipid indices were not 
significantly higher. In the one group which gained, the lipid index 
was lower.
Growth and development of frog larvae is apparently quite complex 
and is controlled by a series of synergistic and antagonistic hormones. 
Etkin (1963) found that metamorphosis was controlled by the interaction 
of thyroid, pituitary gland and hypothalamus. Brown and Frey (1969) 
stated that in R. pipiens tadpoles, development is Influenced by growth 
hormone and prolactin, as well as thyroxin. They showed that normal 
growth and development of tadpoles is regulated by a balance between a 
"prolactin-like" hormone and thyroid hormone. Etkin and Gona (1967) 
found that metamorphosis was inhibited by prolactin, but not by growth 
hormone. In these experiments with plerocercoid-infected £. pipiens 
tadpoles, metamorphosis was inhibited. Only two infected tadpoles in 
two separate experiments developed to the frog stage; one of these 
supported only one plerocercoid. At the same time, 13 control animals 
became frogs and 10 more had only to resorb the tail to complete 
metamorphosis, while only one of all the experimentals was in this 
condition. With these facts in mind, it may be concluded that the 
presence of spargana somehow interferes with the normal interactions of 
the hormones controlling metamorphosis. The possible mechanism(s) of 
this action can, at this point, only be speculated upon. Fisher (1963) 
stated that in most host-parasite relationships where metabolic dis­
turbances in the host are evident, the mechanisms are mostly unknown. 
However, Fisher also stated that in certain plant and arthropod para­
sitisms, many of the hosts' abnormalities were explainable on the basis 
of hormonal involvement. Harlow et al. (1967) demonstrated an
insulin-like activity from plerocercoids of mansonoides. Thence, 
one possible mechanism of the inhibitory activity of plerocercoids in 
tadpoles may be due to secretion of a hormone-like substance which 
would be antagonistic to those hormones responsible for stimulating 
metamorphosis. Another explanation might be that the presence of these 
spargana is somehow stimulating the secretion of anti-metamorphic 
hormone, such as prolactin. A third explanation may be associated with 
the tendency of plerocercoids to concentrate in the liver of tadpoles. 
Two infected tadpoles with hind legs had a total of only 17 and 16 
plerocercoids, respectively, all in the liver. The mere presence of 
this many larvae in the liver may so severaly disturb normal metabolism 
that development is severely slowed down. However, the liver is not 
always so heavily parasitized in tadpoles whose normal development has 
been inhibited.
Details of the life cycle of Sp i rometra have been clearly eluci­
dated, with one important exception: the mode of transmission from
procercoid-infected copepod to plerocercoid-infected snake. It is very 
unlikely indeed that a snake would actively pursue copepods as a food 
source, and the small numbers taken in while feeding cannot explain the 
incidence of infection. Mueller (19&5a) speculates that while fish do 
not become infected, they do concentrate copepods in their stomachs, 
and when these fish are eaten by snakes, the procercoids are liberated 
into a favorable environment. To the author, this is an unsatisfactory 
explanation. In Louisiana, Natrix taxispilota rhombifera is a fish- 
eating form, but the incidence of infection is quite low. On the other 
hand, Natrix erythrogaster, primarily an amphibian eater, exhibits a 
high incidence and intensity of infection. Tadpoles are known to eat
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large numbers of copepods and if, by chance, infected ones were 
consumed, the procercoids could develop into plerocercoids. This seems 
to be a more plausible explanation than having a snake, which doesn't 
normally prefer fish, eat a fish which had just consumed a procercoid- 
infected copepod.
It appears, therefore, that Sp i rometra could greatly increase its 
chances of reaching the snake host and subsequently completing its life 
cycle if tadpoles serve as the transporting form.
Plerocercoids in tadpoles and frogs do not attain the size reached 
in snakes, lizards or mice. Plerocercoids in tadpoles grow very 
slowly, reaching a length of only a few millimeters after several 
months of infection, compared to the several hundred millimeters 
attained in the same time in mice or lizards. Small as they are, they 
are viable and infective to other susceptible intermediate or defini­
tive hosts.
Scolices and short portions of body of large plerocercoids 
removed from mice and injected subcutaneous ly into adult R^. pipiens did 
not move far from the point of injection and appeared to increase very 
little if at all in length over the one-month experimental period. 
Perhaps this inactivity has some bearing upon the lack of any apparent 
growth or fat-stimulating effect in frogs. It is obvious that the host 
animals, in some cases at least, have a greater effect on the parasite 
than the spargana have on the host's metabolism. Contrary to the situ­
ation found in mice where scolexless pieces of spargana injected 
subcutaneous 1y induced weight gain greater than controls (Mueller, 
1963a), the mere presence of plerocercoids in frogs is not sufficient 
to produce weight gains.
When an experimental group increases its initial body weight by 
more than 32% compared to a net loss of 2% in the controls, one must 
conclude that the presence of plerocercoids stimulates weight increase. 
These are the results obtained with infected green anoles in a month­
long experiment. Licht and Jones (1967) demonstrated that anoles 
injected daily with distilled water lost up to 9%i of their initial body 
weight in a three-week experiment. Conversely, Licht and Jones (1967) 
found that prolactin injected daily over the same period added as much 
as 15% to their body weight while prolactin plus growth hormone pro­
duced as much as 20% weight increase. Licht (1967) concluded that 
prolactin stimulates weight increases in lizards by augmentation of 
protein synthesis. In two separate experiments conducted here, one in 
winter and the other in spring, control animals had a higher percentage 
of fat than did plerocercoid-infected animals which, nonetheless, 
consistently gained considerably more weight than controls. Dessauer 
(1955) found lipid stores in anoles are highest in winter and lowest in 
late spring. While in the present study lipid stores in all groups 
were much lower in spring, those groups infected with spargana never 
possessed fat bodies as large as controls. These results indicate that 
these weight gains were not due to fattening but to lean growth, or 
lean growth plus an increase in water content. Further work is neces­
sary in this area to determine to what extent the weight gains are 
attributable to increased protein, water and total lipid.
Another important factor concerning infected lizards was the high 
incidence of mortality associated with plerocercoid infections. Forty- 
one percent of infected animals died before the end of the experimental
time, compared to 9% mortality in controls. These deaths are not due 
to any toxic effect upon the host; rather, death results from the 
accidental wandering of plerocercoids through some vital o rgan, such as 
the lungs. Lizards are not the only group of animals where the inci­
dence of death due to plerocercoids is evident. Approximately 20% of 
infected mice and 50% of infected tadpoles died as a result of wander- 
i ng worms.
Injections of whole plerocercoid homogenate do produce a weight 
gain response in anoles, but to a lesser degree than infections of 
spargana. However, the gains in experimental groups are considerably 
greater than controls. Group C (C-51) again exhibited the greatest net 
gain (2.85%) of all groups. As in the above experiment involving 
plerocercoid-infected lizards, these weight gains cannot be attributed 
to an increase in lipid deposits in the fat bodies. The fat bodies of 
the control group contributed 0.91% to the average total weight, 
whereas the C-51 homogenate-injected lizards1 fat bodies amounted to 
only 0.61% of their weight. As anoles vary considerably in stored fat 
between winter and spring, with fat being lowest in spring, there may 
be some question relative to these fat reserves. However, a separate 
experiment concerned only with fattening in lizards injected with 
homogenate was conducted in winter when fat stores are highest.
Results of this experiment substantiate the above results. All three 
homogenate-injected groups had less reserve fat than the saline- 
injected control group. These results are summarized in Table XI.
Lizards, like laboratory mice, do not serve as natural hosts for 
spirometrid plerocercoids. Lizards are, however, phylogenetically 
closer to the natural hosts which, in the United States, are water
snakes. Results of these experiments indicate that the presence of 
plerocercoids, and in some cases injections of homogenates prepared 
from manually ground whole dead plerocercoids, cause a weight gain 
which, at least in lizards, cannot be attributed to increases in stored 
fat in two “unnatural" hosts (lizards and mice). On the other hand, 
infections of plerocercoids in a natural host, the frog, do not cause 
any increase in weight. Lizards gain weight even though plerocercoids 
often kill them. Therefore, one could conclude that while the lethal 
effect of plerocercoids is the result of physical damage done by 
wandering spargana, the growth response could be a result of some chem­
ical substance being secreted or excreted by the worm. This somehow 
affects the physiology of the host to the extent that experimental 
animals gain weight faster than controls. Additional experimentation 
is needed to characterize this growth factor.
Fisher (1963) stated that in some cases of parasitism of plant 
and arthropod hosts, the parasite apparently produces substances which 
are either chemically identical or at least mimic the physiological 
effect of regulatory substances natural to the host. Harlow et al. 
(1967) described a substance extracted from mansonoides plerocer­
coids which behaved in some ways like insulin. This substance 
retained its stability in hot alkali,'fa fact which suggested its non- 
proetin character. Mueller and Reed (1968) found that the introduction 
of spargana in propylthiouraci1-treated, growth-arrested rats caused 
immediate resumption of growth. Mueller (1968) reported striking 
weight gains in hypophysectomized rats infected with plerocercoids. 
Mueller admitted that a worm that can produce insulin, thyroxin or the 
several pituitary hormones is a bit difficult to believe.
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The fact remains, however, that living plerocercoids and homoge- 
nates prepared from dead plerocercoids can cause accelerated weight 
gains. The mechanism of this response still remains unknown.
Pigeon crop sac assay has been the principal diagnostic test for 
prolactin for a long time. Lyons (1937) developed a sensitive tech­
nique for bioassay of prolactin. Since that time several improvements 
were introduced, most notably those of Nicoll (1967) - Leblond and 
Noble (1937) reported a prolactin-like reaction produced by implanta­
tions over pigeon crop sacs of hypophyses and livers of representatives 
of the main vertebrate classes. Riddle (1963) stated that prolactin 
was produced by the pituitary of all vertebrates. Nicoll and Bern 
(1964), on the contrary, using a more thorough technique for identify­
ing positive pigeon crop-stimulating activity, found that the pituitar- 
ies of fish do not have a hormone capable of activating this target 
organ of prolactin. Nicoll (1967) warns that non-specific crop sac 
responses, such as those produced by extracts of brain or liver tissue, 
should not be confused with true crop sac responses; the former can 
increase the mucosal dry weight (MDW) of the crop by only 30% to 50%.
Although no histological study was made in my experiments, the 
increases in MDW in those pigeons injected with plerocercoid homogenate 
exceeded the 30% to 50% expected in nonspecific responses. Those 
hemicrops over which homogenate prepared from plerocercoids was 
injected had MDW's averaging 90% to 122% greater than those of controls 
in two separate experiments. Nicoll (1967) concluded that his proce­
dure of weighing a standardized area of crop sac mucosal epithelium 
provided a satisfactory method for quantifying responses to local 
prolactin injections.
The author does not m e a n  to imply that living plerocercoids or 
homogenates prepared from dead plerocercoids can secrete or act as a 
substitute for vertebrate prolactin. There are, however, certain 
definite similarities between the activities of these substances and 
prolacti n.
Results of these experiments indicate that some factor derived 
from plerocercoids causes a weight gain in mice, inhibits tadpole 
metamorphosis, stimulates lean body growth in green anoles and stimu­
lates growth of pigeon crop sac mucosa, Bern and Nicoll (1968) list 
one of the diverse actions of prolactin in mammals as stimulation of 
growth. Etkin and Gona (19&7) prevented metamorphic climax in Rana 
catesbeiana tadpoles by prolactin injections. Bern, Nicoll and 
Strohman (1967) offset the influence of thyroxin over tai1-resorption 
in tadpoies with injections of prolactin. Licht and Jones (1967) found 
injections of prolactin played an important role in lean body growth in 
anoles. As stated above, the main assay for prolactin is pigeon crop 
sac stimulation.
The activities of the factor from spirometrid plerocercoids in the 
above listed examples do resemble the actions of prolactin. However, 
Bern and Nicoll (1968) stated that prolactin displays more actions in 
vertebrates than any other pituitary normone; in addition, prolactin 
has a wide range of synergistic activities. In some cases it resembles 
hormones such as insulin, thyroxin and the somatotrophic hormone, thus 
making the mechanism of its multiple actions quite questionable. In 
some instances, the results of my experiments do not resemble those one 
would expect If prolactin were involved. Meier et al. (1966), Lee and 
Meier (1967) and Meier (1970) found that the golden topminnow (£.
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chrysotus) gained weight when exogenous prolactin was injected at 
certain times during a long photoperiod. These weight gains were due 
to increases in fat stores, in my experiments with homogenate-injected 
F. chrysotus, only one group had a net weight gain, and the lipid con­
tent of this group was lower than controls, indicating the weight gain 
was again due to lean body growth.
The results indicate in some cases that some factor(s) derived 
from spirometrid plerocercoids do resemble certain actions of prolactin. 
The purpose of this study was to demonstrate whether infections of 
plerocercoids or injections of homogenates prepared from dead plero­
cercoids might influence the metabolism of several vertebrate hosts, 
and the results of most experiments lead to a positive conclusion.
Many questions have been raised by these experiments, and much 
work is needed to better understand the unique relationship of spargana 
to their vertebrate hosts.
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